Independent insertion of Alu elements in the human ribosomal spacer and their concerted evolution.
A 2,700-bp segment of human ribosomal DNA (rDNA) spacer upstream of the rRNA promoter contains a set of four Alu elements, two in the direction of rRNA transcription and two in the opposite orientation. We report and compare the sequences of these Alu elements found in three rDNA clones and seek to determine the origin of the cluster, either from a single insertion followed by duplications or from multiple simultaneous or independent insertions. The high (20%-27%) divergence among members of a set and the lack of similarity/complementarity of sequences flanking different members of the set demonstrate the independent insertion of each of the four Alu elements into A-rich sequences on the appropriate strand of the rDNA. We also demonstrate that the Alu sets found in different rDNA repeats are subject to concerted evolution, yielding divergences of only 0.4%-3% between Alu elements in equivalent positions. However, the pairs of adjacent similarly oriented Alu elements do not show reduced divergence, indicating that there is no recombination or gene conversion between similarly oriented but not equivalently positioned Alu elements. Finally, crossing-over must occur in the rDNA junction region between Alu element 3 and the nonribosomal sequences at the telomere end of the acrocentric chromosome, so that the Alu elements of the terminal rDNA repeats and the terminal repeats themselves evolve in concert with the rDNA repeats located internally in the tandem array.